This paper describes the methodology proposed for 1) calculate solar potential; 2) generate an urban 3D model, both based on LIDAR data; 3) semantize the urban 3D model with different data sources and calculations data for finally, 4) visualize the urban 3D model in a 3D web visualization tool. As a first step, digital surface model data of the case study is preprocessed selecting only building and ground points in order to later calculate the solar potential in a GIS tool. A workflow is presented describing the followed steps. In the second step, an urban 3D model is generated (in CityGML format) using cadastral data and LIDAR data, both digital surface and digital terrain model. Then, in the third step, the urban 3D model is semantized with a) buildings data (that comes from cadastral and statistical office), b) geometrical data such as main building orientation, number of adjoining walls, etc. (that comes from a geometric processing tool), c) key performance indicators data (that are calculated based on the urban 3D model data) and d) solar potential data, which have been calculated in the previous step. In the fourth step, all the gathered data is presented and can be filtered/selected in a 3D web visualization tool. This paper shows the potential of the usage of LIDAR data in different domains that can be connected using different technologies and in different scales.
INTRODUCTION
Currently, half of the world's population lives in urban areas and according to UN it is estimated that it will reach 60% in two decades. Cities consume a lot of energy, but they can also produce it. Solar energy has the advantage of being able to generate the energy in the same place where it can be consumed; thanks to the possibilities offered by the integration of photovoltaic systems in buildings.
An important priority in energy policies in all countries should be a relationship towards an electric power service model, improving the efficiency of facilities and the use of renewable energies. For this situation, the European Union (EU) through Directive 2009/28/EC has developed a set of measures to promote the supply of energy from renewable sources.
As reflected in Directive 2010/31/EU, the 40% of total energy consumption in the European Union corresponds to buildings. These conditions have led the EU to promote the development of photovoltaic energy as part of the improvement programs for the energy efficiency of buildings. By the end of the year 2020, at least 25% of the new or refurbished buildings will be obliged to comply with the high energy efficiency and bidding requirements for energy consumption that should come from renewable sources.
All states must develop policies that establish the objectives of renewable energy obligations in transportation, electricity and heat production. Specifically, an objective with a minimum renewable energy quota for the year 2020 of 20% in gross final energy consumption and 10% in the transport sector has been established.
The solar potential energy in ceilings or roofs can be calculated from images, shade estimation, meteorological data. And in that way also the amount of greenhouse gas emissions that would be avoided in the city if this solar energy were used [1] and Geographic information systems (GIS) are a very useful tool for this analysis [2] .
On the other hand, work based on data obtained with technology has recently been carried out LIDAR [3] . The number of variables analyzed in the sampling of the roofs is very diverse, depending on what precise that it is the morphology of the buildings, a simple procedure considering only the horizontal surface of the buildings, and without considering their form [4] . But nevertheless, for greater precision in the three-dimensional analysis of buildings other variables such as the orientation can be added or even inclination of the roofs, without ruling out the effect of shadows [5] .
The final objective of this change of concept is to take the data analysis into conversations about renewable energy; and explain to the citizen that they can generate enough solar energy for their entire city [6] .
In this paper an approach for the application of LIDAR data for the solar potential analysis is presented. In addition, a 3D urban model is generated and semantized with solar potential data for its later visualization in a 3D web tool.
The rest of the article is structured as follows. First, the proposed workflow for solar potential analysis and the urban 3D model creation is explained is section 2. In section 3 the workflow is validated in the case study, which is Vitoria-Gasteiz in Spain. Finally, the main conclusions obtained from the work described in this article are presented.
PROPOSED WORKFLOW FOR SOLAR POTENTIAL ANALYSIS
In this section an approach for the solar potential analysis at urban scale is presented. In Figure 1 the designed workflow is presented. In this step the area of study where solar potential analysis needs to be calculated.
• Download LIDAR data Once the area of study is defined, the needed LIDAR files (DSM or DTM, depending in the availability) are downloaded. The LIDAR files must fulfill the area of study completely.
• LIDAR data filtering
The LIDAR data needs to be filtered prior to its usage. As input a raster file that contains only ground and building points, without vegetation or other objects is needed. Depending in the availability of the LIDAR data and its quality there are three possible ways of obtaining this raster file:
1. DSM filtered with ground and buildings
In the first approach only DSM LIDAR files are used. Those LIDAR files must be in LAS or LAZ format, which are the ones that include, for each point, data such as: x, y, z, intensity, return, number_of_returns, scan_direction, flight_line_edge, classification, angle, user_data, point_source_id, gps_time, color_red, color_green or color_blue. In this case the DSM file is filtered selecting only the points where its classification is 2 (Ground) and 6 (Building), as can be seen in Figure 2 . In case the DSM classification quality is not as accurate as needed, there is another approach using DTM and DSM data. In this approach a raster file is created with the DSM values that are inside buildings and DTM values for the rest of the area study. The inconvenience of this approach is that more LIDAR files (than with first approach) need to be downloaded.
DTM value + height in buildings
The third approach is for the cases where DTM data is available and DSM is not. In addition to that, we need a building geometry layer with height value as a parameter. In that way, a raster file is created with DTM values (ground) for the area study except for buildings, where DTM and building height values are added. In that way a DTM + buildings with flat roof raster is obtained. The quality and precision of this approach is obviously less accurate, but it is possible to perform the solar potential analysis.
Whatever the above approach is selected, another step needs to be performed in order to obtain a complete raster file. A geo-process called fill no data needs to be performed 2 . This geo-process fills raster regions with no data values by interpolation from edges. The values for the no-data regions are calculated by the surrounding pixel values using inverse distance weighting.
• Area study split
Once all the LIDAR data is downloaded, the area of study needs to be split. It is not possible to create a unique raster file to calculate the solar potential. The UMEP tool is not able to perform the calculations with such big raster file. Because of that, the study area needs to be split in different zones, which must be rectangular. So, for the example previously presented, different aggrupation's have been performed. Each aggrupation will be independently performed in UMEP tool.
• Weather data preparation
In order to create UMEP meteorological file the UMEP MetPreprocessor tool has been used. In order to do that, first, weather data from EnergyPlus [https://energyplus.net/weather] is downloaded. From the EnergyPlus weather file a CSV file needs to be created.
Then, in MetPreprocessor tool a matching between EnergyPlus weather data and UMEP metereological parameters needs to be done. In Table 1 the matching is presented. Finally, the UMEP meteorological file is obtained which is later used in SEBE (Solar Energy on Building Envelopes) 3 .
• UMEP tool
The Urban Multi-scale Environmental Predictor (UMEP 4 ) is a climate services tool, designed for researchers, architects, urban planners, climatologists, and meteorologists. This tool can be used for a variety of applications related to outdoor thermal comfort, urban energy consumption, climate change mitigation etc. UMEP consists of a coupled modelling system which combines "state of the art" 1D and 2D models related to the processes essen tial for urban climate interactions.
o Aspect and height calculation 3 https://umepdocs.readthedocs.io/en/latest/processor/Solar%20Radiation%20Solar%20Energy%20on%20Building%20Envelopes%20 (SEBE).html 4 https://umep-docs.readthedocs.io/en/latest/Introduction.html
The wall height and aspect pre-processor can be used to identify wall pixels and their height from ground and building digital surface models (DSM) by using a filter 5 . Optionally, wall aspect can also be estimated using a specific linear filter. Wall aspect is given in degrees where a north facing wall pixel has a value of zero. The aspect and height calculation need to be calculated for each area study split.
o SEBE performance
The SEBE plugin can be used to calculate pixel wise potential solar energy using ground and building digital surface models (DSM). The SEBE calculation need to be performed for each area study split.
o Combine the results
After the solar potential analysis has been calculated for the all the zones, the result is combined in a unique raster layer. In addition, the resultant raster layer can be cut with the city geometry, obtaining the solar potential for the city limits.
• Urban 3D model creation The urban 3D model is the urban information server, which contains geometric information such as semantics at different levels of detail or LoD (Level of Detail). Each user or application will work with the level of detail that needs. For this application, the urban 3D model is based on existing standards.
The standard CityGML, which is defined by the OGC, is used to represent the urban 3D model. CityGML defines 5 levels of detail, from 0 to 4. Level 0 represents the 2D terrain. Levels 1 to 3 define the building in greater detail but focusing on the exterior and LoD 4 already contemplates interior elements of the building (columns, stairs, doors ...).
Figure 3 Urban 3D model modelling
Then, using the LIDAR and DTM data, the real height of the buildings is obtained. In this way it is possible to generate the buildings in 3D with its real height and positioning it correctly, both in position and in altitude (on the digital terrain model). For this application building are generated in LoD2 (see Figure 3) . Then, the previously calculated solar potential map is bounded to the boundaries of the municipality using the municipality boundary layer of the municipality. In addition, a radiation threshold has been defined for the implementation of solar collection technologies in roofs, in particular 800kW / m2 year, and the potential of radiation of the roofs in the roofs has been calculated.
As a result of the process described above, a GIS Building Layer completed with solar potential data has been obtained. This layer includes the following parameters related to solar potential: 1) Useful roof Surface (m2), 2) Percentage of useful roof Surface (%), 3) Total solar radiation (Kwh/year) and 4) Solar Radiation per sqm (Kwh/m2*year). 5 https://umep-docs.readthedocs.io/en/latest/preprocessor/Urban%20Geometry%20Wall%20Height%20and%20Aspect.html The urban 3D model is semantized with the calculated parameters. In that way, all the buildings of the city will have the solar potential analysis parameters value.
• 3D web visualization tool Finally, the results are presented in a 3D web tool that allows the visualization of building basic data and the solar potential analysis data. The information included in the urban 3D model previously generated allows identifying the geographical distribution of the typologies of buildings in the study area. This typological analysis makes possible to identify priority areas or districts for retrofitting, identify synergies between buildings and adjust budget items.
CASE STUDY
In this section the proposed workflow for solar potential analysis applied to Vitoria -Gasteiz case study is presented.
Solar potential analysis
• Area of study definition
The selected area of study is in Vitoria -Gasteiz municipality in Spain (see Figure 4) . • LIDAR data filtering
In this case we have selected the DSM filtered with ground and buildings, because the quality of the LIDAR DSM data is enough.
• Area study split As is not possible to perform the solar potential with all the DSM files combined, they have been aggrupated in three different parts, as can be seen in Figure 5 . The EneryPlus weather data for Vitoria -Gasteiz city has been downloaded (Vitoria 080800 (SWEC)) 6 .
Then it has been processed in order to obtain UMEP meteorological weather file.
• UMEP tool o Aspect and height calculation (see Figure 6 ) The SEBE calculation has been performed three times, once for each zone, using the same weather file and configuration parameters.
o Combine the results
The resultant raster layer has been cut with the case study geometry, having as a result the solar potential analysis of the study area (see Figure 7) . Figure 7 Result of solar potential analysis in Vitoria -Gasteiz
Urban 3D model generation
The generation of the 3D urban model is done using different data sources as can be seen in Table 2 . In Figure 8 the resultant urban 3D model of Vitoria-Gasteiz is shown. The urban 3D model has been also semantized using previously calculated parameters at building scale. As a results the following parameters are included in each building in the urban 3D model: 1) gml_id, 2) citygml_measured_height, 3) citygml_measured_height_units, 4) citygml_class, 5) citygml_year_of_construction, 6) citygml_storeys_above_ground, 7) area, 8) rad_total, 9) por_sup_ut, 10) supcub_uti and 11) rad_m2.
3D web visualization tool
The 3D web visualization tool integrates a 3D viewer that facilitates the identification and location of the buildings in the municipality. For this visualization, the previously generated 3D model is used. Navigation and interaction are intuitive, as in Google Earth, through the 3D map visualization Cesium library. The typological analysis is done through filters and the combination of several predetermined filters. The visualization of the results is presented through colored maps and statistical data of the results of each type.
The urban 3D model allows obtaining in a precise and standardized way the main characteristics of the buildings. The representation of the values of the calculated indicators can be displayed through the 3D viewer on the elements of the model of the study area (see Figure 9 ). 
CONCLUSIONS
The article describes the methodology followed in order to perform the solar potential analysis based on LIDAR for later visualize the results in a 3D web visualization tool. The 3D web visualization tool is based on GIS-3D technologies for supporting the management of the solar potential analysis of urban environments.
The development of 3D city models based on the OGC CityGML standard allows city and building levels to be integrated within a single model that includes both semantic and geometric information. Such a model can be used to support multiple applications that different agents, such as urban planners, managers and citizens may employ.
The described 3D web visualization tool recognizes in a quick, visual and intuitive way, the solar potential of each building of the city. In addition, the 3D web tool helps to analyze geographically the behavior of buildings.
The workflow has been validated in the city of Vitoria-Gasteiz in Spain. The solar potential analysis has been performed, the urban 3D model has been generated and semantized with the solar potential data. Finally, all the gathered data has been presented and can be filtered/selected in a 3D web visualization tool.
The results presented in this paper open several possibilities for future work. First of all, the solar potential analysis can be replicated in other municipalities following the described workflow. Furthermore, the visualization of the results in a 3D web visualization tool eases the interpretation of the data at urban scale.
